A Gram-stain-positive staining, motile, endospore forming and moderately halophilic bacterium, designated as strain AS8 T , was isolated from a microbial mat deposited at thermal discharges of Manikaran hot spring (with surface water temperature~95 C) located in Himachal Pradesh, India. 16S rRNA gene sequence based phylogenetic analysis revealed that strain AS8 T belonged to the genus Fictibacillus with the highest sequence similarity to Fictibacillus nanhaiensis DSM 23009 T (99.9 %) and Fictibacillus phosphorivorans Ca7 T (99.9 %), followed by 
The genus Fictibacillus is a recently proposed genus (Glaeser et al., 2013) encompassing nine species with validly published names at the time of writing: Fictibacillus arsenicus (Glaeser et al., 2013) , F. enclensis (Dastager et al., 2014) , F. gelatini (Glaeser et al., 2013) , F. macauensis (Glaeser et al., 2013) , F. nanhaiensis (Glaeser et al., 2013) , F. phosphorivorans (Glaeser et al., 2013) , F. rigui (Baik et al., 2010; Glaeser et al., 2013) , F. solisalsi (Liu et al., 2009; Glaeser et al., 2013) and F. barbaricus (Glaeser et al., 2013) , which represents the type species for this genus. This genus is characterized by Gram-stain-positive, motile, rod shaped, endospore-forming bacteria inhabiting various environments such as industrial waste, metal ores, freshwater, marine sediments and soil (Glaeser et al., 2013) . While investigating microbial community structure at Manikaran hot water springs (surface water temperature~95 C) using both culture-based (Dwivedi et al., 2012 (Dwivedi et al., , 2015 Mahato et al., 2014; Sharma et al., 2014) and culture-independent (metagenomics) approaches (Sangwan et al., 2015; Sharma et al., 2016) , we isolated a novel bacterium, designated as AS8 T , from tightly regulated biofilms (surface temperature~50 C) deposited around and above the thermal discharges. By means of a polyphasic taxonomical characterization (Prakash et al., 2007) , this strain is considered to represent a novel species of the genus Fictibacillus.
Abbreviations: APL1-2, unknown aminophospholipids; DPG, diphosphatidylglycerol; PBS, phosphate buffer saline; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PL1-3, unknown phospholipids.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequence of strain AS8
T and the gyrB gene sequences of strains AS8 
Strain AS8
T was isolated from a microbial mat located at the Manikaran hot spring (GPS position: 32 01¢ 34.8 † N 77 20¢ 50.3 † E) , which is a part of the 45 km long geothermal field of the River Parvati with hottest temperatures recorded at Manikaran (~95 C) (Sangwan et al., 2015) . The microbial mat was found to be deposited around and above the hot water discharge. The mat sample was collected from 30 inches (76.2 cm) above the boiling water. At the time of sampling, the temperature and pH of the microbial mat collected were recorded as 51±2 C and pH 7, respectively. Major physiochemical composition of the sample revealed presence of Fe (500 µg g
À1
) and Mn (300 µg g À1 ) (Sangwan et al., 2015) . The bacterium was isolated by diluting the sample in 1Â PBS and plating on Luria Bertani (LB) agar plates followed by incubation at 50 C with 150 r.p.m. shaking for 48 h. The isolate was purified by repeated streaking on LB agar plates and was further maintained at 37 C, which was found to be the optimum temperature for growth established using a growth curve study (Singh et al., 2013) . The pure culture was maintained as 20 % (v/v) glycerol suspensions stored at À80 C. Unless indicated otherwise, morphological and molecular studies were performed with cells grown at 37 C on LB agar.
Cell morphology, endospore localization and motility were observed using a transmission electron microscope (Morgagni 268D, Fei Electron Optics) using cells in exponential growth phase at the Department of Anatomy, All India Institute of Medical Sciences (AIIMS), Delhi, India (Fig. S1 , available in the online Supplementary Material). The Gram stain test was performed using a Gram staining kit (HiMedia), and the strain was found to be Gram-stain-positive. Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 on LB agar plates (McCarthy & Cross, 1984) . Oxidase activity was determined using 1 % (w/v) N,N,N¢,N¢-tetramethyl-1,4-phenylenediamine reagent (bioM erieux). Hydrolysis of Tweens 20 and 80 was tested according to the standard method (Arden Jones et al., 1979) . Hydrolysis of gelatin, casein, aesculin and starch was determined as described by Cowan & Steel (1965) . Urease activity was tested in accordance with the method of Christensen & Cook (1978) . Indole production was tested as described by Smibert & Krieg (1994) . Citrate utilization was tested using Simmons' Citrate agar (HiMedia). The nitrate reduction test was performed as described by Smibert & Krieg (1994) . Acid production from carbohydrates was determined as described by Gordon et al. (1974) ; all suspension media were supplemented with 7 % (w/v) NaCl. To determine the optimal temperature and pH for growth of strain AS8 T , broth cultures were incubated in LB at 15 to 55 C (5 C intervals plus 28 C and 37 C) and at pH 5-12 (with 1 pH unit intervals). Growth at different salt concentrations was tested in LB broth supplemented with NaCl (0-20 %, w/v) at pH 7. Optimum growth of strain AS8 T with different variables was determined on the basis of OD measurements at 600 nm, with an expected range between 0.4-0.6. Antibiotic susceptibility was tested using antimicrobial discs (HiMedia) as follows (concentration per disc): rifampicin (5 µg), gentamycin (10 µg), oxytetracycline (30 µg), amikacin (30 µg), chloroamphenicol (30 µg), vancomycin (30 µg), ciprofloxacin (5 µg), polymyxin B (300 µg), nalidixic acid (30 µg), kanamycin (30 µg), tetracycline (30 µg), penicillin (10 U) and ampicillin (10 µg) (Singh et al., 2013) . The DNA G+C content of the strain was calculated by the method described by Gonzalez & Saiz-Jimenez (2002) using an Applied Biosystems 7500 Real-Time PCR machine. The results of the above tests are listed in Tables 1  and 2 , and were performed using F. nanhaiensis DSM 23009 T , F. phosphorivorans Ca7 T , F. barbaricus V2-BIII-A2 T and F. arsenicus Con a/3 T as reference strains.
The 16S rRNA gene was amplified using the universal bacterial primer set 8F, 341F, 786F and 1542R (Lane, 1991) using an ABI 3700/3730Â1 sequencer (Applied Biosystems) at the Department of Plant and Molecular Biology, University of Delhi, SouthCampus,NewDelhi,India.Thesequencesthusobtained were assembled using Sequencing Analysis, version 5.1.1 (Applied Biosystems), and Clone Manager software, version 5 (Sci-Ed). A continuous stretch of 1446 bp of the 16S rRNAgeneofstrainAS8 T wasobtained.Pairwisesequencesimilarities were calculated using a global alignment algorithm, implemented using the Seqmatch tool of the Ribosomal Database Project (http://rdp.cme.msu.edu/), BLASTN program of the National Centre for Biotechnology Information (http:// Fermentation/acid production from:
www.ncbi.nlm.nih.gov) and the EzTaxon-e server (Kim, et al., 2012) . As an alternative to 16S rRNA gene analysis, approximately 1300 bp (Yamamoto & Harayama, 1995) of gyrB was amplified and further sequenced using primers listed in TableS1,forthefivestrains.
Strain AS8 T showed highest 16S rRNA gene sequence similarity with F. nanhaiensis DSM 23009 T (99.9 %) and F. phosphorivorans Ca7 T (99.9 %), followed by F. barbaricus V2-BIII-A2 T (99.1 %) and F. arsenicus Con a/3 T (97.4 %). Phylogenetic analysis was performed using the software package MEGA version 6 (Tamura et al., 2013) after multiple alignment of sequence data by CLUSTAL X (Thompson et al., 1997) . Distances were calculated based on the Jukes-Cantor model, and clustering was performed using maximum-likelihood (Felsenstein, 1981) , neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Kluge & Farris, 1969) methodology. Bootstrap analysis was used to evaluate the tree topology data by means of 1000 resamplings per tree (Felsenstein, 1985) .
The phylogenetic reconstruction using all treeing methods based on 16S rRNA gene sequence showed all the species of the genus Fictibacillus grouped into a monophyletic clade clearly distinct from all species of the genus Bacillus, with strain AS8 T distinctly falling into the cluster containing members of the genus Fictibacillus (Figs 1, S2 and S3). Analysis of the gyrB gene sequences revealed distinct species delineation for strain AS8
T with percentage similarities of 66.8, 87, 73 and 73 % with F. nanhaiensis DSM 23009 T , F. phosphorivorans Ca7 T , F. barbaricus V2-BIII-A2
T and F. arsenicus Con a/3 T , respectively, for pairwise alignments.
Regardless of the high 16S rRNA gene sequence similarities between strain AS8
T and the reference strains, DNA-DNA relatedness (using both radiolabelling and thermal denaturation) and gyrB gene sequence similarities were found to be relatively low, which was in good agreement with previous reports for the genus Fictibacillus where representatives of distinct species, i.e. F. nanhaiensis DSM 23009 T and F. phosphorivorans Ca7 T , shared 100 % sequence similarity (Chen, et al., 2011; Glaeser et al., 2013) . In spite of prior studies indicating 97 % similarity of 16S rRNA gene sequences as the threshold value for species delineation (Stackebrandt & Goebel, 1994) , reports are building up of species sharing a high level of 16S rRNA gene sequence similarity (>99 %) yet demonstrating clear demarcation at the species level using the DNA-DNA hybridization method (<70 %), specifically for the genus Bacillus (Ash et al., 1991; Rosselló-Mora & Amann, 2001 ). Henceforth, it was recently suggested that a threshold of 98.65 %-99.0 % or greater for species demarcation should also be recommended for certain taxa (Kim et al., 2014) . For performing DNA-DNA hybridization studies for strain AS8 T , total genomic DNA was extracted and purified followed by hybridization as explained in protocol the by Kumar et al. (2008) . The amount of bound probe DNA was calculated by using a scintillation counter (Hidex Noki Technologies). Strain AS8
T showed DNA-DNA relatedness of 52.7 % with F. (Table S2) . These values were well below the threshold value of 70 % recommended for the delineation of bacterial species (Wayne et al., 1987) , which confirmed that strain AS8
T represented a novel species of the genus Fictibacillus (Table S2) . Further, to supplement DNA-DNA hybridization results obtained from radiolabelling, thermal-denaturation-based DT m calculations were also (to avoid radiolabelling bias) performed, where DT m , is the difference between the homoduplex DNA T m and the heteroduplex DNA T m (Wayne et al., 1987) . The DNAs were mixed in pairwise combinations, and DT m was noted, which as expected was noted to be on the lower side for stability of heterduplex as compared with the homoduplex. The results revealed species demarcation between strain AS8
T and strains F. nanhaiensis DSM 23009 T , F. phosphorivorans Ca7 T , F. barbaricus V2-BIII-A2 T and F. arsenicus Con a/3 T with DT m value greater than 5 C for each pairwise comparison (Table S3) .
For fatty acid analysis, cells of strain AS8
T were harvested from LB agar plates after incubation at 37 C for 28 h. Fatty acid methyl ester analysis was carried out at Royal Life Sciences, Secundarabad, India. The physiological age of strain AS8
T and its four phylogenetic neighbors, i.e. DSM 23009 T , F. phosphorivorans Ca7 T , F. barbaricus V2-BIII-A2 T and F. arsenicus Con a/3 T , was standardized by choice of sector from a quadrant streak on tripticase soy broth (TSB) (HiMedia) agar plates according to the Sherlock Microbial Identification System (MIDI; http://www.microbialid.com/ PDF/TechNote_101.pdf). Fatty acid methyl esters were analysed from 2-4 loops of inoculum scraped from the third quadrant of a Petri dish which was then subjected to saponification, methylation and extraction using the methods of Miller (1982) and Kuykendall et al. (1988) . The fatty acid methyl ester mixtures were separated using the MIDI protocol and identification of the fatty acids was made using the Aerobe TSBA 60 version 6.0 B database. The major fatty acids of strain AS8
T were iso-C 15:0 (26.5 %), anteiso-C 15:0 (25.0 %) and iso-C 16:0 (7.1 %) ( Table 3 ). The fatty acid profile of strain AS8
T revealed qualitative and quantitative differences in comparison with the profiles of the closely related strains, further suggesting that strain AS8
T represents a novel species of the genus Fictibacillus (Table 3) . Polar lipids were extracted from 100 mg of freeze-dried cell material using a choroform/methanol/0.3 % aqueous NaCl mixture, 1 : 2 : 0.8 (by vol.) by overhead mixing for 4 h at 25 C. The cell debris were pelleted by centrifugation. Polar lipids were recovered into the chloroform phase by adjusting the chloroform/methanol/0.3 % aqueous NaCl mixture to a ratio of 1 : 1 : 0.9 (by vol.). Polar lipids were separated by two-dimensional silica gel TLC (HPTLC silica gel 60 F 254 , Merck). The first direction was developed in chloroform/methanol/water (65 : 25 : 4, by vol.), and the second in chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). The total lipid components were visualized by spraying with molybdophosphoricacid (20 %, w/v in ethanol; SIGMA-ALDRICH) followed by heating at 180 C for 10 min. Additionally, ninhydrin, alpha-naphthol and molybdenum blue spray reagents were used for detection of polar lipids. Major polar lipids in strain AS8
T were diphosphatidylglycerol, phosphatidylglycerol, and phosphatidylethanolamine (Table 1, Fig. S4 ). Minor amounts of unidentified aminophospholipids, APL1, APL2, and phospholipids, PL1, PL2, PL3, were also detected (Table 1, Fig.  S4 ). No glycolipids were detected with the a-naphthol spray reagent.
Quinones were extracted from 200 mg dry cell mass using 0.3 % (w/v) aqueous solution of NaCl in methanol and petroleum ether (60-80 C boiling point) in a ratio of 1 : 1. The upper phase was collected and dried in a rotary evaporator (Rotavapor @R-210, Buchi). The residue was dissolved in 100 µl acetone. The extract was then loaded on a TLC plate (Silica gel 60 F254, 20Â20 cm, Merck) using petroleum ether (boiling point 60-80 C) and diethyl ether (85 : 15, v/v). Strain AS8
T contained MK-7 as the predominant menaquinone, with MK-8 and MK-6 present in minor amounts (Table 1) . The purified menaquinone MK-7 was dissolved in diethyl ether and analysed by reverse-phase TLC according to the method of Collins et al. (1977) . Polyamines were extracted and analysed from cells harvested at the late exponential growth phase as described by Busse & Auling (1988) and Altenburger et al. (1997) . Ten microlitres of extracted sample were loaded onto a TLC plate (Silica gel 60 F254, 20Â20 cm, Merck) with ethyl acetate/cyclohexane as running solvent. For the detection of polyamines, the TLC plate was allowed to air-dry and was visualized under UV light. Polyamines were identified by comparing R f values using commercially prepared standards. Spermine and spermidine were detected as the major polyamines. Application of Protocol 1 of Schumann (2011) directly cross-linked meso-diaminopimelic acid. The DNA G+C content of strain AS8 T was 46.9 mol % (Table 1) .
Based on consolidation of phylogenetic distinctness using 16S rRNA gene, gyrB gene sequences and DNA-DNA relatedness, with clear differences in physiochemical and chemotaxonomic characteristics, we conclude that strain AS8
T represents a novel species of the genus Fictibacillus, for which the name Fictibacillus halophilus sp. nov. is proposed.
Description of Fictibacillus halophilus sp. nov.
Fictibacillus halophilus sp. nov. (ha.lo¢phi.lus. Gr. n. halslos salt; Gr. adj. philos loving; N.L. masc. adj. halophilus salt-loving).
Cells are Gram-stain-positive, motile, rod shaped, 0.6-0.7 µm in diameter and 1.4-1.5 µm in length, and grow well on LB. Colonies are circular, pale peach in colour, and appear after 24 h of incubation. Growth occurs at 28 to 45 C (optimum 37 C) and at pH 6.0 to 8.0 (optimum pH 7.0). Growth occurs at a concentration of 0-12 % NaCl (optimum 5 %). Tests for catalase and oxidase are positive and negative, respectively. The diagnostic diamino acid of the peptidoglycan is meso-diaminopimelic acid. The predominant polyamines are spermine and spermidine. Major polar lipids are detected as diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. The quinone system contains predominantly menaquinone MK-7 and lesser amounts of MK-6 and MK-8. 
